Generation of intense isolated attosecond pulses is of significant importance to explore new domains in attosecond science. Recently, we have demonstrated high-order harmonic generation (HHG) with high conversion efficiency using low-density plasma as the nonlinear medium [1,2], instead of gas. However, isolated attosecond pulses have yet to be demonstrated from plasma. In this work, we apply the Double Optical Gating (DOG) [3] method to generate continuum high-order harmonics from lowly ionized carbon plasma, which is the first step toward the generation of intense attosecond pulses.
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Experiments were performed using the MARS laser at Kansas State University. The MARS laser delivers 25 fs, 4 mJ, 800 nm wavelength pulses at 1 kHz repetition rate, which could further be compressed down to 8 fs with 0.7 mJ of energy. Part of the laser beam was split before the compressor (120 ps, 3.9 mJ) to generate plasma, which will be the nonlinear medium for HHG. Gas and solid carbon targets were placed simultaneously in the same vacuum chamber, so that one could easily switch between the two to compare their efficiencies.
Experiments show that even under non-optimum condition for plasma harmonics, the energy of the harmonics generated from carbon plasma is 9.5 times higher than those from argon. We also generated a continuum of high-order harmonics from carbon plasma using the DOG method. This result clearly shows a continuum harmonic spectrum extending from 17 eV to 25 eV, which differs significantly from discrete harmonics that are generated using few-cycle (8 fs) pulses. This is the first step towards the generation of an intense isolated attosecond pulse.
